I.
INTRODUCTION.
In order to understand metabolism better the behavior of the different fuelstuffs under various conditions outside the body must first be investigated.
A series of studies in this direction was accordingly started, particularly on the physico-chemical behavior of the sugars (1) (2) (3) (4) (5) (6) (7) .
In a preceding investigation by Mathews and the writer (7), the following conclusions were drawn regarding the oxidation of glucose by bromine:
(a) Glucose behaves both as a weak acid and as a weak base. In an alkaline or neutral solution it dissociates into metal or Hf ions and C,H,,O,-ions; in an acid solution it forms a salt of the acid by addition, yielding C,H,,O,+ ions and the anion of the corresponding acid. (b) Both of the glucose ions are oxidized by bromine side by side, the oxidation of the first being depressed by the addition of H+ ions, while the other remains unaffected.
Velocity equations were worked out on this basis, taking into consideration the two kinds of glucose ions, the concentration of the H+ and OH-ions and of the bromine and the hypothesis was tested under very diverse conditions by measuring the rate of oxidation in the presence of various acids in different concentrations and varying amounts of bromine.
The hypothesis was found to agree with all the facts observed.
In the experiments just cited the concentration of the sugar was purposely taken SO large that its change of concentration was negligible.
It seemed necessary, therefore, to vary also the 
On integration this becomes
where K is the velocity constant, t the time elapsed since the beginning of the exlzeriment, a and b the concentration respectively of the active bromine and sugar at the start, and x the amount of bromine and sugar consumed. In a part of the experiments a known amount of sodium bromide solution was added, so that the concentration of the Brions in the final mixture was 0.3 N.
As the Br, in these experiments was only 0.01 N at the start, the slight increase on the concentration of the Br-ions during the reaction due to the formation of HBr, was negligible.
In the remainder of the experiments, however, where the concentration of the free bromide at the start was larger or where the reactions were so slow that it seemed undesirable to depress their rate still more by the addition of bromide the value for Br, had to be calculated separately for each determination.
By taking the constantly changing value for Br-in consideration we obtained a differential eqation, which we were unable to integrate. For that reason the values for K were calculated for short time intervals, always using the time of the last preceding determination as a starting point.
To approximate the concentration of the Br the writer added to the concentration of the HBr present at the preceding determination (including that which is present as Br,) one half of the HBr formed during the time interval considered and subtracted the concentration of the bromine present in the form of Br,.
The formula used in the experiment where the concentration of the Br-ion was made .30 at the start, was
III. EXPERIMENTAL A. To detervnine the comtancy of K when the acidity, glucose and bromine are all varyitzg.
The figures given in Tables I and II indicate by the constancy of the values for K when the glucose and Br, are varied within wide limits, that the course of the reaction is actually controlled by those factors and in the manner stated in our hypothesis at the beginning of this paper.
B. Is gluconic acid the sole product of the oxidation of the positive glucose ion?
In all the experiments just quoted the change in the concentration of the bromine only was determined. From this experiment it was clear that there was no appreciable loss of hydrobromic acid. A vigorous current of air was blown through the bromine-containing solutions in tall cylinders and by separate experiments it was determined that a complete removal of the bromine was affected. Table III gives the results of the experiment. The strength of the sodium hydrate solution used was o. I o I 2 N, the silver nitrate solution was 0.09703 N, the sodium thiosulphate solution was 0.1000 N.
From the figures in Table III the following relationships become evident : (I) The total acidity at any time in the course of the reaction determined by titration with 0.1 N sodium hydrate solution after removal of the free bromine, is, \yithin experimental errors, equal to the acidity calculated from the amount of bromine which has disappeared from the solution assuming that each molecule of Br, thus used up has oxidized one nolecule of glucose to form one molecule of gluconic acid and two molecules of hydrobromic acid.
Two-thirds of the acidity at any particular time is due to the hydrobromic acid formed and one-third to the gluconic acid produced. forms two series of salts; the first in which glucose behaves as an acid, the salt dissociating into metal and negative glucose ions; the second, in which glucose behaves as a base, forming an oxonium salt dissociating into C,H,,O,+ ions and the negative acid radicle. Both of these ions are more easily oxidized than the neutral glucose molecule and they give rise on oxidation to different acids. The I)ositive ion, as this research sho*,vs, goes quantitatively into gluconic acid. The gluconic acid thus formed is presumably converted into lactone and in the course of time would be still farther oxidized by the bromine. This reaction is, however, a slow one compared to that which leads to the formation of the gluconic acid. It probably accounts for the slight tendency of the constant K to rise toward the end of the experiment, in long experiments, and in those cases where Br, is present in large amounts and the glucose in small amounts.
Whether gluconic acid is produced in small quantities by the oxidation of the negative glucose ion, or whether it is produced by slow oxidation also of the unionized molecule, if there is such an oxidation, cannot be said without further investigation.
The negative glucose ion when oxidized by bromine probably gives rise to the large variety of acids, described by many observers and studied particularly by Nef (13) in his splendid investigation of the transformation of the sugar molecules.
The fact that glucose oxidizes both as an oxonium salt and the salt of a metal explains the dependence of the rate and character of the oxidation on the reaction acid or alkaline of the medium. Glucose being a weak acid (14) (15) dissociates into H+ ions and negatively charged C,H,,O,-ions and in the presence of acidsinto positive C,H,,O,+ ions and the negative acid radical. The first kind of dissociation is the principal one in the presence of alkalies.
The effect of the alkali, therefore, is to increase the number of the active negative sugar particles in solution. Acids, on the other hand, by means of the large number of H ions they furnish, greatly depress the dissociation of so weak an acid as glucose, and at the same time they form salts with the positive ion. In a neutral solution both of the oxidations of both positive and negative glucose ions go on side by side at their respective velocities, which have been determined in a former paper (7). The addition of small amounts of acid will decrease the rate of oxidation of the glucose, because, for the reason just given, acids diminish the extent of the "negative ion oxidation" which is rapid and leave unaltered the extent of the slower "positive ion oxidation, "
Increasing quantities of acid will slow the rate of oxidation farther and cause more and more a predominance of the latter reaction; but this decrease in rate due to increasing acidity holds true only up to a certain point i.e., to the point
